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Singapore’s transition to
innovation-based economic growth:
infrastructure, institutions and
government’s role
Winston T. H. Koh
School of Economics and Social Sciences, Singapore Management University, 90 Stamford Road,
Singapore 178903, Singapore. winstonkoh@smu.edu.sg
Technological progress and innovation plays a central role in a country’s economic progress.
As an economy advances to the global technological frontier and narrows the technological
gap, an innovation-based growth strategy that focuses on investments in R&D and technology
creation offers the greatest potential for economic growth. In this paper, we discuss the
requirements for a successful transition, in terms of changes to the technology infrastructure,
economic institutions and the incentives’ structure. This paper outlines the efforts made by
Singapore to re-make itself as an innovation-based economy, and the challenges faced by the
government in transforming the nation’s infrastructure and institutions to develop innovation
capabilities and encourage entrepreneurship.
1. Introduction
Since becoming an independent nation in 1965,Singapore has grown at an average annual
rate of about 8% until the late 1990s. Singapore
has no external debt, and its foreign exchange
reserves, at more than US$110 billion in 2004,
ranks as one of the highest in the world, and the
highest, on a per-capita basis. Singapore’s eco-
nomic development model over the past four
decades has combined an open-economy frame-
work with strong government involvement in
labor, land and industrial development policies.
While this approach has enabled Singapore to
transit from the Third World to First World
status in the span of less than 40 years (Lee,
2000), there has lately been some concerns that
this development model is no longer appropriate
or relevant now that the country has to compete
‘close to the technological frontier’ of a global
knowledge economy – where capital, ideas and
talent are mobile – as opposed to the earlier,
easier task of technological catchup.
Singapore’s growth strategy in the 1960s and
1970s focused on the attraction of multinational
companies (MNCs) to locate in the city-state, to
produce for global export markets. This strategy
was initially borne out of necessity. As an island
economy with few natural resources, employment
creation was an urgent task in the early years of
independence. Later, this strategy of targeting
foreign direct investment by MNCs became part
of the economic development strategy that seeks
to position Singapore as a major business hub in
the global network of trade and capital ﬂows.
Generous tax incentives and grants were given to
MNCs to locate their regional operations in
Singapore. While this economic strategy was
immensely successful in accelerating growth, the
side-effect was that Singaporean companies came
to play a largely supporting role in the MNCs
with little incentive to invest in indigenous
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capabilities in high-tech innovation. Manufactur-
ing currently accounts for 25% of the contribu-
tion to GDP, with electronics being a key sub-
sector in terms of employment creation.
Singapore is fast reaching the limit of this devel-
opment strategy. From 2000 to 2002, Singapore
experienced a fall in its total factor productivity
performance, as a result of severe capacity under-
utilization in Singapore’s manufacturing sector
caused by adverse shocks in the global economy.
The global slowdown in electronics demand and
technology spending in the aftermath of the tech-
bubble burst in April 2000, coupled with the nega-
tive impact of the September 11 event in 2001, had
signiﬁcantly affected the electronics manufacturing
and IT services cluster in Singapore. Singapore
must now look for alternative sources of growth
and reduce its reliance on MNCs. The current
heavy dependence on electronics in the manufac-
turing sector has made the Singapore economy
vulnerable to the vagaries of the global business
cycle. Singapore’s relatively high levels of wages
and domestic costs also render it vulnerable to
competition from lower-wage economies, such as
China and India in Asia, and Mexico further
aﬁeld. Already, there are signs of hollowing out
in Singapore’s manufacturing sector, as MNCs
relocate their Asian manufacturing facilities to
China, not just because of the lower cost of
operation, but to tap directly into the burgeoning
consumer market there. It is becoming increas-
ingly more difﬁcult for Singapore to compete for
global investments from MNCs, not just because
of high costs of doing business in Singapore, but
also because of the general reluctance of MNCs to
shift their innovation centers to Singapore.1
Competition for capital and talent is also em-
erging from high-tech regions that include Israel,
Ireland, Shanghai and Beijing in China, Seoul
in South Korea and Bangalore in India. These
regions provide the critical mass of advanced
knowledge institutions (universities, public re-
search institutes and corporate laboratories), ven-
ture capital, entrepreneurial talents, knowledge
workers, sophisticated corporate end-users, well-
developed ﬁnancial markets, etc.
As Singapore enters a new phase of national
development, its economic future will depend in-
creasingly on its ability to engage in technological
creation and create internal engines of growth.
This transformation, however, will take time, as
innovation capabilities and new supporting insti-
tutions are being strengthened and transformed.
Besides the establishment of publicly funded
research institutions and a renewed push to invest
in basic research and infrastructure, there was
also coordinated effort to review and modify
government policies to stimulate innovation and
entrepreneurship. Changes to the regulatory frame-
work and the institutional environment are being
made to encourage innovation in Singapore. The
government has already set aside more than US$1
billion fund in 1998 to invest in venture capital
funds and to promote entrepreneurship. Techni-
cal professionals and skilled workers are being
courted through an aggressive ‘foreign talent’
policy. Funding for basic research at the univer-
sities and at government-established research in-
stitutions has also been increased substantially.
The shift to an innovation-based growth strat-
egy requires coordinated changes to be made to a
nation’s technology infrastructure, economic in-
stitutions and incentive systems. The appropriate
economic structure for science and innovation
that creates an environment for investments in
scientiﬁc and technological endeavors is essen-
tially the same one that fosters a climate for
investment, jobs and sustainable growth. The
factors that are necessary for a conducive envir-
onment for innovation are: macroeconomic sta-
bility; openness to trade, foreign direct investment
as well as immigrant talent; strong intellectual
property rights protection; and a set of policies to
ensure fair competition. Adequate intellectual
property protection plays a strong role in creating
incentives for R&D and innovation, and in pro-
moting the diffusion of knowledge, while a well-
structured competition policy, by creating a level
playing ﬁeld, facilitates the entry and exit of ﬁrms
into new markets, thus stimulating innovation
and commercialization of new technologies.
The transition to the technological frontier re-
quires the development of a set of micro-economic
capabilities and incentive structures, through gov-
ernment policies that focus particular attention
on the careful coordination among interdepen-
dent components. In this paper, we discuss the
challenges that an economy faces as it shifts to an
innovation-driven growth strategy. We shall fo-
cus on the role that governments can play in this
process, and review Singapore’s current efforts to
chart a new economic strategy to compete closer
to the global technological frontier. In particular,
we shall discuss Singapore’s efforts to strengthen
its technological infrastructure, adapt its institu-
tions and develop innovation capabilities.
The rest of the paper is structured as follows: In
Section 2, we discuss the role that technological
progress plays in economic growth. Next, the
requirements for a successful transition, in terms
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of changes to the nation’s technology infrastruc-
ture, economic and market institutions and the
incentives structure are ﬁrst outlined in Section 3,
and discussed in greater detail in Sections 4–6.
In Section 7, we discuss Singapore’s efforts to
promote entrepreneurship as part of its innova-
tion policy, and the difﬁculties encountered. In
Section 8, we discuss the implications of Singa-
pore’s economic transformation for R&D man-
agers and entrepreneurs. Section 9 summarizes
and concludes the paper.
2. Technological progress and economic
growth
In the 21st century, innovation and technological
progress will play a central role in both national
and global economic development. The ability to
create, disseminate and exploit knowledge is a
major source of competitiveness, wealth creation
and enhancement of quality of life.2 A nation’s
technological capabilities clearly underpin its
competitive advantages and growth potential.
(World Economic Forum, The 2002–2003 Global
Competitiveness Report, Chapter 1, p. 9). Asian
economies, such as South Korea, Taiwan and
Singapore, have transformed their economies by
improving the technological performance of their
industries through purposeful science and tech-
nology policies. With their deepened technologi-
cal capabilities, they are now able to compete
consistently and successfully on a global scale in a
growing number of industries (e.g. in electronics
manufacturing). These economies have combined
policies for investment in technological infra-
structure and with those that facilitate the ﬂow
and use of commercially relevant technologies.
The fundamental objective of a nation’s science
and technology policy is the development of a set
of capabilities to scan, assess, select, use, assim-
ilate, adapt, improve and create technology that is
appropriate for the particular stage of economic
growth. The appropriate growth strategy for a
country at any point in time depends on where it
is located relative to the global technological
frontier (Acemoglu, et al., 2002).
For a less-developed economy situated far
away from the technological frontier, the avail-
ability of low-cost labor and access to natural
resources are the dominant sources of competitive
advantages. For exports, ﬁrms produce commod-
ities – if they possess the requisite natural endow-
ments – or relatively simple products designed in
more advanced countries. Technological progress
takes place through the assimilation of technol-
ogy through foreign direct investment, imports
and through imitative technology adoption. This
is the factor-driven growth stage, according to the
framework described in Porter (1990).
As economic development takes off, the econ-
omy may shift to an investment-driven growth
stage, where the focus is now on technology
acquisition by moving up the technology ladder,
as well as the accumulation of physical and hu-
man capital. There is an increase in investment in
efﬁciency infrastructure – such as tele-communi-
cations, and air, sea and land transportation – to
support manufacturing activities. The regulatory
framework is streamlined, and investment incen-
tives are provided to facilitate access to capital
and rapid productivity improvements. In this
investment-driven stage, efﬁciency in production
is the dominant source of competitive advantage.
Finally, in the innovation-driven growth stage,
the emphasis is on investments in R&D, innova-
tion and entrepreneurship. The ability to produce
innovative products using state-of-the-art pro-
duction processes is the dominant source of
competitive advantage. Economic institutions
and market incentives are structured and aligned
to support innovation and entrepreneurship.
Science and technology policies emphasize basic
research and there are high levels of public and
private investments in R&D.
The transition from an investment-driven growth
strategy to an innovation-driven growth strategy is
often a subtle one. For an economy located away
from the technological frontier, an investment-
based growth strategy is likely to yield greater
returns than an innovation-based growth strategy,
at least initially. This is because the beneﬁts of
technological progress can be realized quickly by
moving up the technology ladder, as it is less costly
and easier to absorb and adapt the existing body of
knowledge than it is to invest and develop new
technology with uncertainty of commercial success.
However, as the economy advances to the global
technological frontier, the greatest potential for
economic growth comes not from just catching
up with the technological leaders through capital
accumulation and imitation of their technology
and growth strategies, but by investing in R&D
and creating new technologies and products.
Science and innovation policies at this stage are
focused on the creation of new knowledge,
through cutting-edge research at the frontier.
Singapore’s technological transition with re-
spect to the global technological frontier followed
broadly the sequence outlined above, except that
Singapore’s transition to innovation-based economic growth
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as a small island nation, it lacks the natural re-
sources and its journey through the factor-driven
growth stage relied heavily on its supply of low-
cost labor.3 From the mid-1960s to the late-1970s,
post-independence rapid export-led economic
growth was characterized by high dependence
on technology transfer and diffusion from foreign
MNCs. This was followed by a period, from the
mid-1970s to the late-1980s, of local technological
deepening, when the government initiated the
development of science parks and investment in
local technological infrastructure. These two per-
iods constituted the investment-driven growth
phase for Singapore, which also successfully de-
veloped itself as an air and shipping hub.
By the late 1980s, amid concerns that the eco-
nomy is reaching the limits of its investment-
driven growth phase, there was an intensiﬁcation
of efforts by the government to develop capabil-
ities in basic research and strengthen its techno-
logical infrastructure This led to the formulation
of the ﬁrst 5-year National Technology Plan in
1991 (Ministry of Trade and Industry, 1986,
1991). Since then, there have been two other Na-
tional Science and Technology Plans, one in 1996
and another 2001, that provided roadmaps for
Singapore’s transition to an innovation-based
economy. We shall discuss the details of these
science and technology plans in Section 5.
3. Institutions, infrastructure and
incentives for innovation
A nation’s technological progress and develop-
ment of innovation capabilities are the results of
interactions among four groups of players in the
economy: (1) the administrative organizations that
formulate and coordinate science and technology
policies and oversee he public research institu-
tions, (2) the higher institutions of learning, (3)
the private sector that adopts and commercializes
the products of innovation and (4) institutions
that interface among the different groups actors.4
A successful transition to an innovation-based
growth strategy requires that the set of micro-
economic capabilities and incentive structures, as
embodied in the nation’s institutions and its tech-
nological infrastructure, evolve as the technologi-
cal gap narrows. As the effectiveness of one part
of the institutional environment depends on the
state of the other constituents, these changes will
require careful coordination among the interde-
pendent components; otherwise, the limited pro-
gress or lack of improvement in one area may stall
development or even undermine the effectiveness
of other parts of the system.5
While many factors contribute to the shift to an
innovation-based growth strategy, we can discern
three critical aspects of a successful transition.
These are: (a) a well-developed technological infra-
structure, (b) a set of capabilities-focused science
and innovation policies and (c) a coordinated shift
in government institutions and policies. Govern-
ments play an important role in all three aspects
(which we shall discuss in the following sections).
Firstly, governments are responsible for devel-
oping the technological structure and the appro-
priate institutions and macro-economic policies to
support R&D. Firms invest in innovation and in
efﬁciency-enhancing technology if they can expect
sufﬁcient returns and if competition forces them to
do so. The experience of many OECD economies
has also shown that a market environment that
removes the barriers to competition is crucial for
innovation. Broad programs of structural reform
have been undertaken in countries such as Aus-
tralia, Denmark, Ireland and the Netherlands to
strengthen competition, push ﬁrms to improve
performance and encourage innovation.
Secondly, besides formulating the appropriate
science and innovation policies, governments can
play an important role in nurturing the seeds of
innovation and creation of knowledge through
direct investment in basic research, or through the
provision of appropriate tax incentives. Speciﬁ-
cally, governments can act as the principal inves-
tor in those areas of basic and applied research6 in
which private enterprises cannot operate effec-
tively. As basic research typically occurs on the
technological frontier, its economic value is often
difﬁcult to forecast, or even to gauge accurately in
retrospect (Dasgupta and David, 1994). More-
over, economic payoffs from the application of
new ideas or technologies may also take a long
time to be realized. In cases where a private ﬁrm
cannot capture all the gains from R&D successes,
underinvestment in basic research would occur as
private returns will be less than potential social
returns.7
Thirdly, besides structuring and reshaping
economic and market institutions to facilitate
innovation, governments can reduce the cost of
entrepreneurial risk taking by promoting interac-
tions between institutions of higher learning and
the private sector, encouraging cooperative re-
search, as well as by providing tax incentives for
the commercialization of research output.
Although economic theory also recommends
generalized subsidies, as opposed to speciﬁc
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sector targeting and support, as the optimal
incentive policy for supporting innovation and
commercializing its output, in practice, many
important technologies have been encouraged in
their early stages by public sector support. The
United States provides many examples of this
type of direct government assistance and sector
targeting. For instance, R&D in computers and
atomic energy were developed in response to
military needs, with substantial funding from
the US government. Similarly, military procure-
ment was a major source of support for the US
semiconductor industry. In Singapore’s case, a
recent example of sector targeting in R&D is the
decision in late 1999 to invest in the development
of innovation capabilities in bio-medical sciences.
4. Technological infrastructure and
innovation capabilities
The presence of a well-developed technological
infrastructure – encompassing the network of
research organizations, the education system, as
well as institutions to protect intellectual property
rights – provides the foundation for the develop-
ment of innovation capabilities and the pursuit of
scientiﬁc research and endeavors. The multi-fa-
ceted technological capabilities of a nation in-
clude indicators such as the patenting rates,
number of research scientists and engineers, as
well as the output of scientiﬁc publications.
The statistics are in line with the ﬁndings in the
2001 United Nations Development Programme
(UNDP) Report, which found that countries
located at different distances from the global
frontier differ markedly in their technological
abilities. The UNDP Report found that 29 ad-
vanced industrial nations that make up the
OECD accounted for 91% of the patents issued
in 1998. OECD countries also invested more
annually on R&D (at US$500 billion) than the
value of the total economic output of 61 of the
world’s lowest-income countries (at US$464 bil-
lion) in 1998. Compared with low-income coun-
tries, OECD countries have 12 times the per
capita number of scientists and engineers working
in research and development, and publish 25
times more scientiﬁc journal articles per capita.
In the OECD, the ratio of patents ﬁled by non-
residents to those ﬁled by residents is 3.3–1, while
it is 690–1 in low-income countries. (Source:
UNDP, http//:www.undp.org.)
Over the past few decades, Singapore’s techno-
logical capabilities have strengthened steadily. It
is now consistently ranked by the World Eco-
nomic Forum (WEF) and the Institute for Man-
agement Development (IMD) as among the top
10 countries in the world in areas such as quality
of school science and technology education,
adoption of information and communications
technology (ICT), licensing of foreign technolo-
gies, use of advanced technologies in production
and process management capabilities. In the 2003
IMD World Competitiveness Report, Singapore
ranked number one in attracting top-ﬂight for-
eign talent among 29 economies with a popula-
tion of fewer than 20 million.
In Figure 1, we plot the average GDP growth
rates from 1980 to 2000, against the correspond-
ing gross expenditure on R&D, as a percentage of
GDP. Like many of Asian economies, Singa-
pore’s R&D expenditure from 1980 to 2000 was
relatively low, compared with the expenditure of
developed countries. By contrast, the developed
countries located at the technological frontier, led
by the United States in the lower right-hand
corner of Figure 1, invested a greater percentage
of their GDP in R&D.
In Figure 2, we plot the ratio of average R&D
expenditure as a percentage of GDP (GERD)
from 1995 to 2000 over the average GERD
1980–1995, against the corresponding ratio for
the GDP growth rates. Compared with other
countries, Singapore has increased its R&D in-
vestments sharply since the mid-1990s, reﬂecting
the government’s aggressive efforts to increase
R&D investment intensity and deepen the econ-
omy’s technological capabilities (Table 1).
While there have been substantial increases in
R&D investment intensity in recent years, there
are areas that Singapore can still improve upon.
According to the 2001 Global Entrepreneurship
Monitor Report (Reynolds et al., 2001), Singa-
pore is ranked lower (ranking between 10th and
17th in the world) in terms of technology-creation
indicators like R&D spending and R&D person-
nel, availability of venture capital and intellectual
property protection. Singapore is lowest in speciﬁc
measures of innovation such as the quality of basic
research institutions, intellectual property genera-
tion, entrepreneurship and creation of ﬁrms.
The development of Singapore’s technological
infrastructure and innovation capabilities can
be traced to the development of the Singapore
Science Park (SSP) in 1980.8 The development of
the SSP was part of the set of coordinated govern-
ment policies on science and technology policy
(including research and human capital forma-
tion), IT infrastructure and promotion of entre-
Singapore’s transition to innovation-based economic growth
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preneurship (see Ministry of Trade and Industry,
Singapore, 1986, 1991). Each of these policies has
been supported by a generous allocation of re-
sources dedicated to speciﬁc goals. As an exam-
ple, in the case of promotion of entrepreneurship,
startup grants and venture capital and a variety of
government assistance have been provided.
One of the initial motivations of the SSP was to
provide and upgrade local infrastructure to house
MNCs as well as new industries that require
proximity to the institutions of higher learning.
Additionally, the SSP was to provide a focal point
for research, development and innovation in
Singapore, with an emphasis on industrial R&D.
A secondary objective of the Singapore Science
Park is to signal to foreign ﬁrms and investors
Singapore’s readiness to promote and attract high-
tech and knowledge-intensive industries (Koh and
Koh, 2002). To position Singapore as a regional
R&D hub, high-tech companies from Australia,
New Zealand are being courted to locate their
R&D activities in the SSP, and to use Singapore
as a gateway to penetrate the markets in China,
India, Southeast Asia and Indo-China.
In 2000, the government announced the devel-
opment of S$15 billion new science park – the
One-North project – to strengthen the technolo-
gical infrastructure as Singapore targets life
sciences as a new growth pillar for Singapore.9
To be developed over 15 years, the objective of
One-North, modeled after Silicon Valley, is to
create the ambience of a multifaceted research
community, with international schools, integrated
public transport and other supporting amenities.
When completed, One-North will house state-of-
the-art R&D infrastructure to provide a wider
focal point for R&D and entrepreneurial activ-
ities in the bio-sciences and information technol-
ogy. Residential development, schools and other
amenities are included in the One-North Master
Development Plan.
A new research facility, The Biopolis, located in
the One-North Science Park, has already com-
menced operations and now offers cutting-edge
facilities for laboratory-based R&D activities
tailored to biomedical sciences companies.
Generous ﬁnancial incentives, in the form of tax
relief, R&D grants and training subsidies, will
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Figure 1. GDP growth rate versus R&D expenditure as percentage of GDP (GERD): 1980–2000.
Note: 1. The GDP growth rate is calculated as a compounded annual average rate from 1980 to 2000.
2. The GERP is calculated as a percentage of GDP each year, and averaged over all available data points from 1980 to 2000.
Source: World Development Indicators 2002, The World Bank.
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also be given to companies to start up their
operations. Together with efforts to develop
high-tech entrepreneurship, these initiatives form
part of the high-level strategy to transition to
innovation-based economy.
In Table 2, we present a set of indicators for
Singapore to show its progress in developing its
technological infrastructure and innovation cap-
abilities. Like many of the fast-growing East
Asian economies (China, Singapore, Malaysia
and Thailand), Singapore had spent relatively
little on R&D until recently. Expenditure in
R&D has increased steadily since 1978, in both
absolute amounts and as a percentage of GDP.
Between 1987 and 2005, Singapore’s gross expen-
diture on R&D had increased by more than seven
times, reaching S$3.43 billion in 2002, or 2.15%
of GDP. By 2002, Singapore’s R&D intensity had
risen to over 2%, exceeding the level of the United
Kingdom and the Netherlands, although still
behind the more advanced Scandinavian coun-
tries. Private sector expenditure on R&D ac-
counted for 60.8% (S$2.09 billion) of total
R&D expenditure, or 1.31% of GDP.
Singapore has made signiﬁcant progress in
terms of its pool of scientiﬁc talent, as shown in
Table 2. The number of Research Scientists and
Engineers per 10,000 labor force has risen from
less than 30 in 1990 to over 91 by 2002, with the
latter ﬁgure being above the OECD average.
Another impressive improvement for Singapore
is in the area of scientiﬁc output.
Table 3 compares the growth rate of interna-
tional scientiﬁc publications of Singapore with
other countries. In terms of publications per
capita of population, Singapore had achieved a
level in 1998 that is similar to that in France and
Germany, and exceeded Japan. The annual
growth rate of Singapore’s scientiﬁc publications
stands at about 13% (second highest after South
Korea), compared with an average of less than
3% for all advanced countries.
Finally, Table 4 summarizes Singapore’s
patenting record over the period 1976–2002. Be-
fore the 1990s, there was an relatively slow
growth in patenting rates, as measured by the
number of USPTO patents granted to Singa-
pore-based inventors. In terms of patenting
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Figure 2. Change in GDP growth rate versus change in R&D expenditure as percentage of GDP (GERD).
Source: World Development Indicators 2002, The World Bank.
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per capita, Singapore’s performance in 2001 has
exceeded several OECD countries, such as
France, Norway and the United Kingdom. How-
ever, Singapore’s patenting record still lags be-
hind Taiwan, Germany, Japan and the United
States. Nonetheless, the recent surge in patenting
activity in Singapore provides a marked contrast
to historical experience, and augurs well for
the future.
According to Agency of Science, Technology
and Research (A*STAR), the total number of
patents ﬁled by Singapore-based organizations
(including foreign afﬁliates) has increased steadily
from 142 in 1993 to 1739 in 2002. In 2001, revenue
derived from commercialized products and pro-
cesses attributed to R&D performed in Singapore
amounted to close to S$50 million. Revenues
generated from licensing intellectual property to
outside parties have also increased steadily since
1990 (Source: National Survey of R&D in Singa-
pore, A*STAR, 2003).
There is still much room for improvement.
Although public sector R&D conducted by uni-
versities and government-funded research insti-
tutes accounted for close to 40% of total R&D
expenditure, it accounted for a very small share of
the US patents granted to Singapore-based in-
ventors: 4.5% during 1991–1995, 6.6% during
1996–2000 and 7.5% during 2001–2002.
Although the public research institutes and uni-
versities in Singapore managed to spin off a
number of companies in the late 1990s, the
combined impact of these efforts had been rela-
tively modest. The collaboration between indus-
try and universities in R&D remains weak.
Moreover, as Mahmood and Singh (2003)
found in a study of US patent data, the patenting
activity in Singapore, as well as Hong Kong, over
the past 30 years has consistently been much
lower than in South Korea and Taiwan. The
authors also found that a large proportion of
Singapore’s patenting activity was the result of
MNCs rather than domestic ﬁrms. On average, in
the 1990s, MNCs accounted for more than half of
the R&D investment in Singapore. These ﬁndings
are in line with earlier studies that provided
evidence of weaker technological capabilities in
Singapore in the 1970s and 1980s.
5. Capabilities-focused science and
innovation policies
The optimization of the interface between techno-
logical progress and economic growth has become
one of the most important aspects of government
Table 3. Output of scientiﬁc publications.
Country Number of articles,
1998 (per million
inhabitants)
Growth rate
of number of
publications,
1990–1999 (%)
Small industrialized
countries
Austria 449.36 3.84
Belgium 475.49 2.60
Denmark 770.27 1.61
Finland 737.43 3.63
Netherlands 684.75 0.95
Norway 588.20 1.25
Sweden 945.44 0.72
Switzerland 973.40 2.60
Newly industrialized
economies
Hong Kong 89.73 9.14
Ireland 343.59 4.18
Israel 873.87 0.63
Singapore 433.44 12.96
South Korea 119.58 21.96
Taiwan 244.71 12.29
G7 Canada 640.87 1.03
France 465.97 2.68
Germany 463.69 2.14
Italy 296.60 3.77
Japan 371.42 3.15
United Kingdom 665.77 0.89
United States 612.04 1.06
Note: Article counts (on a per capita basis) are based on fractional assignments; for example, an article with two authors from
different countries is counted as one-half of an article for each country.Source: Science & Engineering Indicators 2002, Agency for
Science, Technology and Research, Singapore.
Winston T. H. Koh
152 R&D Management 36, 2, 2006 r 2006 The Author
Journal compilation r 2006 Blackwell Publishing Ltd
policy. Besides developing the technological in-
frastructure, and structuring the appropriate eco-
nomic institutions to encourage innovation and
stimulate entrepreneurship, government-funded
R&D contributes to economic growth in several
ways. Firstly, it has a direct impact on innovation
that shows up as growth in industrial productiv-
ity. Secondly, as noted by David, Hall and Toole
(2000), public funding of R&D can contribute
indirectly, by complementing and stimulating
private R&D investment. In other words, public
R&D may complement, rather than substitute
and crowd out private R&D. Thirdly, besides
providing the foundation for successful innova-
tion resulting in the creation of new products and
markets – and ultimately, enhancement of con-
sumer welfare – publicly funded R&D also ben-
eﬁts the private sector through the improvement
of production processes and existing products.
A good example of how science and innovation
policy can continually affect innovation and eco-
nomic growth is the United States, especially
since the 1970s. Fears that its competitiveness
was being eroded by Japanese industry prompted
the US government to introduce programs to
strengthen research collaboration between indus-
try, universities and government-funded research
institutions (Pavitt, 2001). The 1980 Bayh–Dole
Act, the 1980 Stevenson–Wydler Act and the 1985
Federal Technology Transfer Act led to a funda-
mental change in the way scientiﬁc discoveries at
universities and the Federal laboratories were
commercially exploited. The number of US uni-
versities that engage in technology transfer and
licensing now number more than 200, and the
volume of university patents has increased four-
fold since 1985 (Mowery and Shane, 2002).
Government funding of basic research has also
enabled United States to maintain its high-tech
leadership in drugs, medicines and life sciences. In
terms of the share of scientiﬁc publications by
ﬁeld of research, the United States continues to
lead in space sciences, clinical medicine, biomedi-
cal research and biology.10 The extension of
patent protection to publicly funded research
(through the Bayh–Dole Act of 1980) has had a
signiﬁcant impact on the rate of technology
transfer from science. Universities in the United
States continue to conduct a major portion of
publicly funded basic research and there is a long
history of close collaboration with industry.
Anti-trust regulations have been amended to
facilitate research collaborations between the
public sector and the private sector. The National
Cooperative Research Act was passed in 1984 forT
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this purpose. Similarly, the Advanced Technology
Program was created in 1988 to promote high-
tech competitiveness and reduce the risk of pri-
vate investment in innovations with great com-
mercial promise by supporting cost-shared early-
stage R&D projects.
In the case of Japan in the 1990s, the prolonged
recession and the success of Silicon Valley promp-
ted the Japanese government to adopt a more
ﬂexible, competitive and open research environ-
ment. These deliberations culminated in the Science
and Technology Basic Plan of 1996, which encour-
aged technology diffusion across different industry
sectors, and a more ﬂexible employment system
for researchers in government research institutes to
encourage mobility and the likely diffusion of
knowledge associated with it (Methe, 1995).
In Singapore’s case, industrial planning and
sector targeting have always been part of the govern-
ment’s economic growth policy, and was a key
factor in its transformation from a regional entre-
pot trade and shipping hub in Southeast Asia to a
global hub for communications, ﬁnancial services
and petroleum reﬁning. Under the ﬁrst 5-year
National Technology Plan for 1991–1995, bud-
geted at S$2 billion, the policy initiatives included
the acceleration of infrastructure development,
encouragement of private-sector R&D and the
development of technical manpower to support
R&D. At the same time, and a number of key
research areas were identiﬁed for strategic devel-
opment; these include biotechnology; food and
agro-technology; information technology and tel-
ecommunications; microelectronics and semi-con-
ductors. The National Science and Technology
Board (NSTB) was tasked with the development
of new research institutes in these identiﬁed re-
search areas. By 2003, publicly funded research
institutes accounted for over S$400 million, or
13%, of the aggregate R&D expenditure.
In the Second National Science and Technol-
ogy Plan for 1996–2000, Singapore’s technology
development strategy was ‘to build a world-class
science and technology base in ﬁelds that match
Singapore’s competitive strengths and that will
spur the growth of new high value-added indus-
tries.’ (NSTB, 1996). The emphasis shifted to-
wards the development of domestic capabilities
in applied and basic research. Government expen-
diture on R&D increased sharply as efforts in-
tensiﬁed on the creation of domestic engines of
growth. Milestones on R&D investment intensity
(2.6% by 2000) and research talent pool (65
research scientists per 10,000 workers by 2000)
were set. These targets were easily achieved by
1998, which also saw the announcement of several
new policy initiatives to promote technology en-
trepreneurship, against the backdrop of a global
technology boom.
Under the current Third Science and Technol-
ogy Plan for 2001–2005, the government has set
aside S$7 billion to develop additional infrastruc-
tures and to attract international talent to Singa-
pore. As the focus shifted towards basic research,
away from the heavy emphasis on applied R&D
in the 1980s and early 1990s, the proportion of
aggregated R&D expenditure devoted to basic re-
search increased from less than 12% in 1996 to over
15% by 2002. Applied research, at 31%, still com-
manded a larger share of the total research expen-
diture. However, in the private sector, roughly 63%
of R&D expenditure was still spent on experimental
development, 33% was spent on applied research
and only 4% was spent on basic research.11
In the wake of advances in the ﬁeld of bio-
sciences, the Singapore government mapped out
an ambitious program in late 1999 to develop
R&D capabilities in bio-medical sciences, with the
objective of complementing Singapore’s existing
growth sectors in electronics, chemicals and en-
gineering. The Singapore’s long-term strategy is
to develop Singapore as a world-class hub for bio-
medical sciences and become a regional R&D
leader in the ﬁelds of pharmaceuticals, medical
devices, healthcare services and biotechnology. A
number of initiatives were rolled out as part of
this ambitious plan. Firstly, in 2000, the govern-
ment launched a US$1 billion Life Sciences Fund
to invest in bio-medical research. In 2002, another
US$1 billion was committed to this fund. Another
S$2.3 billion will be injected to develop the
research infrastructure in pharmaceutical re-
search, beginning with the Tuas Biomedical
Park, currently being built on 160 ha of reclaimed
land in the southwestern part of Singapore.
Besides wooing leading life-sciences companies
to Singapore, an international panel was estab-
lished to advise the government on the establish-
ment ethical and legal framework for biomedical
research. This led to the formation of the Bioethics
Advisory Committee and the Biomedical Research
Council in 2000. A Biomedical Sciences Investments
Management Team was also set up to make equity
investments in promising startups, and to catalyze
new company formation. By 2002, approximately
S$150 million was invested in 50 companies.
While biotechnology is a key focus right now,
the government has not ignored other sectors.
It is committing resources in other sectors such as
information and communications technologies,
Winston T. H. Koh
154 R&D Management 36, 2, 2006 r 2006 The Author
Journal compilation r 2006 Blackwell Publishing Ltd
environmental technologies (e.g. desalination
technology) that have global market potential.
This diversiﬁcation strategy is a wise one, as the
strategy to focus on life sciences is not without
risk. It will take at least ﬁve to 10 years to build
innovation capabilities in this sector, and already,
there is ﬁerce competition from other Asian
countries that are targeting the life sciences sector
as well.
In a concerted effort to increase the local
talent pool, the Singapore government has
also adopted a liberal immigration policy to at-
tract foreign scientists and engineers to staff the
research institutions. At present, almost 20% of
scientists and engineers working in Singapore are
foreigners. To build the pipeline of future scientists
and research professionals, a National Science
Scholarships (NSS) scheme was launched by
A*STAR in 2001. The NSS scheme provides
scholarships for Singaporeans to study and train
in the biomedical sciences in top universities in the
United States.
6. Institutions, incentives and government
coordination
The institutional environment that fosters a con-
ducive environment for technology creation in-
cludes economic stability, openness to trade and
foreign direct investment, strong intellectual
property protection regimes, a policy to ensure
fair competition, availability of talent and venture
capital, as well as a private sector supportive of
new technology products. However, a balance
needs to be struck between providing incentives
for innovation, through protection of intellectual
property, but allowing for rapid diffusion of new
technology. Moreover, governments should en-
sure that inefﬁcient organizations and publicly
funded research institutions are constantly being
replaced by more efﬁcient organizations.
For a successful transition to an innovation-
based growth strategy, the government must
coordinate the development of a set of micro-
economic capabilities and incentive structures,
as embodied in the nation’s institutions and its
technological infrastructure.12 As the different
components of the institutional environment are
inter-related, careful coordination among the in-
terdependent components is necessary to ensure
the same pace of progress; otherwise; the effec-
tiveness of the whole system may be undermined.
In Singapore’s case, the requisite macro-eco-
nomic conditions for a successful transition to an
innovation-based economic strategy were largely
in place by the 1990s. The critical challenge for
the government was to manage the coordination
between the various science and innovation po-
licies and to ensure that the various economic and
ﬁnancial policies – such as tax regimes, regula-
tions on loans, stock market listing rules, etc. –
are structured and aligned properly to support the
objective of a transition to an innovation-based
growth strategy. Since the 1980s, responsibility
for coordinating science and innovation policies
has rested on the Ministry of Trade and Industry
(MTI), which is also tasked with the responsibility
of formulating key economic policies for the
country. As a result, MTI was able to ensure
coherence and harmony in the implementation of
the various economic and innovation policies,
which are undertaken by different agencies super-
vised by MTI. The key agencies are the Economic
Development (economic promotion) and the
Agency for Science, Technology and Research
(coordination of research programs and commer-
cialization and licensing).
Given the substantial capital outlay for pro-
grams in basic research, strong evidence that
publicly funded basic research can yield commer-
cial beneﬁts has increasingly become a funding
criterion in many government-funded research
programs worldwide. However, the risk is that
too much focus on commercialization may reduce
the quality of scientiﬁc research. As David et al.
(1988) noted, ‘the outputs of basic research rarely
possess intrinsic economic value. Instead, they are
critically important inputs to other investment
processes that yield further research ﬁndings, and
innovations . . . policies that focus exclusively on
the support of basic research with an eye to its
economic payoffs will be ineffective unless they
are also concerned with these complementary
factors.’
Singapore encountered this problem too in the
1990s, when government-funded research institu-
tions were pressed to undertake commercially
relevant research. Moreover, these research insti-
tutions were encouraged to commercialize their
technologies. Many startups were hastily spun off
without careful consideration of their viability.
There were also little incentives to foster co-
operation among the research institutes. More-
over, instead of licensing the technologies that
were developed within the research institutions,
the preference was to incorporate and spin off
companies built around these technologies, and
reward researchers involved in these spin offs siz-
able equity stakes. In 2001, the government decided
Singapore’s transition to innovation-based economic growth
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to take the commercialization function outside of
the research institutes and centralize it in a com-
mercial arm of the A*STAR, which coordinates
the activities of these research institutes.13
Finally, while it is important to provide a
conducive environment for innovation, it is
equally important to invest in educating the
workforce, as well as developing a high-quality
information infrastructure that allows the ﬂow
and dissemination of knowledge and information.
In Singapore, there has been a strong emphasis
on technical education since the 1960s. The govern-
ment provides almost all the funding for school-
ing at the primary, secondary and tertiary levels,
and there are numerous scholarships available to
nurture talent, including sending the best students
overseas to study at top universities in Europe
and the United States. More recently, the empha-
sis in the education system has also shifted away
from examination-based assessment methods
towards activity-based assessment methods to de-
emphasize rote-learning and to allow for re-
search-based learning. Entrepreneurial activit-
ies are being promoted in schools, and the school
curricula have increased the content on life
sciences.14
As for information infrastructure, the Singa-
pore government has practically wired up the
whole of Singapore. There is a high level of
Internet usage, and Internet connectivity is now
close to 90% of households, and there has been a
systematic effort to encourage the use of informa-
tion and communication technologies to improve
productivity. The government is a lead user of
many new technologies; especially information
technologies. The government has taken the lead
to re-engineer many of its functions and services
to put them online. One can pay reserve library
books, trafﬁc ﬁnes, income taxes, as well as apply
for marriage licenses without going down to a
government ofﬁce. Even the Singapore courts
have embarked on programs to streamline its
processes. Lawyers can ﬁle court papers online
and video-conferencing technologies are fre-
quently used. Singapore is also among the ﬁrst
in the world to use electronic road pricing to
address its road congestion problem.
Reﬂecting the shift in focus to basic research
under the Third National Science and Technology
Plan, the NSTB was re-organized in 2000, to
become the A*STAR, to focus on promoting
research and developing R&D manpower. In
this new role, A*STAR performs a function
similar to that of the National Science Founda-
tion in the United States.
7. Promotion of entrepreneurship and
venture capital
Globally, venture capital was responsible for
a signiﬁcant amount of the entrepreneurial activ-
ity and investment in some of the emerging
technological ﬁelds, such as nano-technology
and ultra-wideband wireless technology (Source:
Venture Economics). The impact of venture ca-
pital on innovation patented inventions in the
United States has been studied by Kortum and
Lerner (2000). The authors found that a well-
functioning capital market and availability of
risk capital can spur innovation and entrepre-
neurship. In particular, they found that increases
in venture capital activity in an industry are
associated with signiﬁcantly higher patenting
rates across 20 industries over three decades.
While the ratio of venture capital to R&D aver-
aged less than 3% from 1983 to 1992, venture
capital had accounted for about 8% of the
industrial innovations.
While MNCs will continue to play a key role in
Singapore’s economy, there is an urgency to
nurture home-grown winners, as well as attract
promising startups from overseas to Singapore, to
provide new sources of innovation, industry re-
generation and future employment creation. Ven-
ture capital will play an important role in
fostering entrepreneurship and economic growth,
as Singapore transitions to an innovation-based
economy. Historically, however, venture-capital-
backed entrepreneurship had not played a signiﬁ-
cant role in Singapore’s economic development.
Many of Singapore’s successful corporations form-
ed since the 1960s were either spin-offs from
established companies or were government-linked
companies. Although there are more than 100
venture capital ﬁrms based in Singapore, the fre-
quent complaint is that the availability of good
investment opportunities in Singapore is limited.
As a result, more than 85% of the venture funds
are invested outside of Singapore.
The development of Singapore’s venture capital
industry can be traced back to 1985, when the
government undertook an economic review amid-
st concerns over the hollowing-out of the manu-
facturing sector following its worst recession since
gaining independence. The economic review led
to package of policy measures designed to lift the
economy out of the recession. One of the policy
recommendations was to develop the venture capi-
tal industry in Singapore and to nurture domestic
ﬁrms to become world-class companies (Ministry
of Trade and Industry, 1986).
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Since 1998, the Singapore government has un-
veiled several new policy initiatives to promote
entrepreneurship. These initiatives include a com-
prehensive plan to promote skills upgrading
and accelerate the attraction of foreign talents,
as well as a Technopreneurship 21 program to
nurture high-tech startups. These initiatives
also included a coordinated liberalization in
business regulations across different government
agencies to encourage entrepreneurship. Besides
the amendment of bankruptcy laws, the regula-
tion and taxation governing company stock
options were revised, and new tax-offset pro-
vision for losses incurred by investors in
high-tech startups were introduced to encourage
investment in private equity. Listing rules on
the Singapore stock exchange were amended
to make it easier for technology ﬁrms to go
public.
Additionally, a US$1 billion venture capital
fund was established in l999 to encourage Silicon
Valley venture capital ﬁrms to locate regional
operations in Singapore. In light of the limited
investment opportunities in Singapore, this initia-
tive did not result in an appreciable increase in
venture capital investment in Singapore. Through
various government agencies and government-
related companies, the Singapore government
has also funded a number of new local and
foreign venture capital funds based in Singapore.
The school curricula are also being revised to
emphasize the teaching of entrepreneurial skills at
the tertiary education level and among working
technical professionals.
Through the Economic Development Board,
the government has operated a Startup Enterprise
Development Scheme (SEEDS) to provide match-
ing funding for young companies. In January
2005, a new scheme that provides loans to small
and medium enterprises (SMEs) was launched.
An objective of this government effort is to foster
entrepreneurship and develop a risk-taking busi-
ness culture, to enable Singapore to transition to
an innovation-based economy.
Under the SEEDS scheme, SMEs can turn to
the government to borrow at prevailing market
interest rates. Finally, a number of new programs
were recently introduced by A*STAR to help
local enterprises upgrade their technology and
develop innovation capabilities. For instance,
A*STAR has implemented a scheme to second
its research scientists to a selected number of local
ﬁrms to identify their technological needs, and to
help them map out strategies to innovate and
develop new products.
8. Implications for R&D managers and
entrepreneurs
While the government has implemented a range
of policies to stimulate R&D and entrepreneur-
ship in Singapore, there are still a number of
obstacles to R&D management and entrepreneur-
ial pursuits in Singapore. To begin with, the
presence of ‘early-adopters’ corporate consumers
who are willing to try new innovative products
and services is an important factor for the success
of new ventures. However, because of Singapore’s
small domestic market, few large companies in
Singapore are willing to try the products of young
unproven companies, with most preferring to deal
only with established companies. This preference
(or bias) limits the growth of SMEs in Singapore.
In general, ﬁrms planning substantial R&D
efforts, whether it is a small enterprise or an
MNC, must look beyond the Singapore market
when they launch their products in order to
recoup their investments and secure a viable
market. However, expansion into the regional
markets is also not an easy matter. Local business
practices and cultural norms vary across Asian
cities, so that what works in Singapore may not
work in Hong Kong or Taiwan.
This fragmentation of markets makes it difﬁ-
cult for Singaporean venture to expand beyond
national frontiers. Products and services must be
customized to local conditions, and this increase
the operation costs. The uncertain scalability of
business outside of Singapore raises the risk of
R&D investment and new ventures, and thus
raises the threshold of required return for invest-
ing in a new venture or R&D project. None-
theless, with the efforts by the Singapore
government to attract ﬁrms from the region to
base their R&D projects in various science parks
– such as Biopolis and One-North – in Singapore,
and to use Singapore as a gateway into other
Asian markets through joint ventures with foreign
companies, the scalability issue is being ad-
dressed. These joint ventures offer a means to
overcome the entry barriers into foreign markets
as the local partners provide the necessary local
knowledge for market expansion.
9. Conclusion
From an island city-state with few natural re-
sources, Singapore has not only managed to sur-
vive and prosper, but has transformed itself from a
Third-World economy into a First-World nation.
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As it reaches the limit of its investment-growth
phase, Singapore faces a new challenge of trans-
forming itself into an innovation-driven economy.
Systematic efforts are being made to refashion
its institutions and infrastructure to manage the
transition to an innovation-based economy. Co-
ordinated policy changes to the national innova-
tion system remain a key challenge. The public
sector bureaucracy has been streamlined, and there
are nascent efforts to develop stronger global
network links with key high-tech regions to ex-
pose research institutions to the global collabora-
tion opportunities.
Given Singapore’s small size and the need to
achieve critical mass in most areas of scientiﬁc
endeavor, there is a need for greater public fund-
ing for investment in basic research – despite
more support for technology commercialization
activities from universities and public research
institutes. To sustain the development of its
technological capabilities, linkages between the
publicly funded research institutions and tertiary
institution, as well as with the private sector, need
to be strengthened further.
Singapore must also continue its ‘open-door’
policy to attract global talent, even though such a
policy has not found favor among many Singapor-
eans concerned about the competition for jobs.
Another challenge is to stimulate entrepreneurship
in Singapore. Social and cultural attitudes towards
entrepreneurship are changing, but there needs to
be greater acceptance of non-conformity and tol-
erance of failure. Ongoing educational reforms will
play a critical role in changing social perception
towards entrepreneurship.
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Notes
1. The mandate of the Singapore Economic Develop-
ment (EDB) is to attract at least S$9 million each
year from MNCs to Singapore. According to un-
ofﬁcial estimates, the amount of investments that
EDB has managed to obtain commitment in 2003
so far is S$7.5 billion. By contrast, China has
attracted more than US$50 billion in foreign direct
investment in 2003.
2. A widely used notion of competitiveness is based on
the deﬁnition provided by the US Competitiveness
Policy Council. The term refers to the nation’s
ability to produce goods and services that meet
the test of international markets while citizens earn
a standard of living that is both rising and sustain-
able. Two well-known studies of competitiveness
are the Global Competitiveness Report of the
World Economic Forum (WEF) and the World
Competitiveness Yearbook of the Institute for
Management Development (IMD).
3. One of the early studies on the technological
progress of Singapore is Fransman’s (1984), which
examined the role played by the capital goods
sector in the development of Singapore’s technolo-
gical capabilities.
4. There are numerous studies on national innovation
systems; see for example, Dosi (1984), Freeman
(1992), Lundvall (1992), Nelson (1993), Freeman
and Soete (1997) and Kyriakou (2002).
5. The role of economic institutions in economic
growth is discussed in Nelson and Winter (1982),
Matthews (1986), Hodgson (1988, 1994, 1998),
Greif (1998), and Nelson and Sampat (2001).
6. A useful way to distinguish between basic research
and applied R&D is that the former seeks to gain a
more comprehensive knowledge without speciﬁc ap-
plications in mind, although it may be in ﬁelds of
present or potential commercial interest. The scien-
tiﬁc breakthroughs that ensue then lead to applied
research, and in turn, to development and diffusion
of commercial products (Pavitt, 1991, 1998).
7. Nelson (1959) provided the economic justiﬁcation
for government support of basic research, namely
‘‘the existence of external economies which would
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not be fully explored or exploited, if business ﬁrms
undertaking the basic research tried to capture all
the beneﬁts for themselves, either through secrecy
or property rights.’’ Arrow (1962) stressed much
more strongly that the output of basic research was
in the form of information that was costly to
produce, but virtually costless to reproduce, and
therefore had the properties of a public good that
deserved government support.
8. The SSP covers total area of 65 ha, and employs
more than 7,000 engineers and scientists and sup-
port staff. It has signed formal alliances with the
Sophia Antipolis of France and the Heidelberg
Technology Park of Germany.
9. The name, One-North Science Park, has been
chosen because Singapore is situated 11 north of
the Equator. Further information on One-North
can be obtained at http//:www.onenorth.com.
10. In one study, universities were responsible for 18%
of all US patents in the ﬁelds of genetic engineering
and recombinant DNA, while 16% of patents dealt
with natural resins/peptides or proteins, and 12%
of patents involved microbiology and molecular
biology (see Kumar, 2000). In another study, 73%
of the papers cited by US industry patents resulted
from research programs public science conducted
at academic, governmental and other institutions
funded by the Federal government (Narin, et al.,
1997).
11. Toh and Choo (2002), and Toh, Tang and Choo
(2002) provide recent studies on the contribution of
R&D to Singapore’s economy.
12. The role of economic institutions in economic
growth is discussed in Nelson and Winter (1982),
Matthews (1986), Hodgson (1988, 1994, 1998)
Greif (1998), and Nelson and Sampat (2001).
13. The commercialization arm within the Agency of
Science, Technology and Research is appropriately
named ‘‘Exploit Technologies.’’
14. Some schools and universities are allowing students
to help run bookshops or set up catering services in
the school canteens. Business study trips to places
such as China, Vietnam and India are also regu-
larly being organized during the school vacations,
to get students to understand the local business and
cultural practices.
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